ABSTRACT. To evaluate the nutriture of Japanese black cattle with growth retardation, a metabolic profile test was carried out in 8 cattle with growth retardation and in 10 cattle with normal growth. During our observation for 1 month before blood sampling, the cattle with growth retardation ingested their forage completely. They showed lower low-density lipoprotein and albumin concentrations, and higher urea nitrogen, actoacetic acid and β-hydroxybutyric acid concentrations than the control. There were no significant differences in glucose, free fatty acid, total cholesterol, ammonia, inorganic phosphorus, and calcium concentrations between the cattle with growth retardation and the control. These data suggested that the cattle with growth retardation subjected to energy-negative condition in spite of their good forage intake. KEY WORDS: growth retardation, Japanese black cattle, metabolic profile.
Growth retardation has been frequently observed in Japanese black cattle, and the resulting economic losses have recently risen considerably. To reduce such losses, researchers have attempted to determine the cause of the growth retardation [5, 6] . However, nutriture of the cattle with growth retardation has yet to be clarified. Thus, this study was designed to estimate nutrient status of the cattle with growth retardation by metabolic profile test (MPT), which is one of the useful tools to evaluate nutriture in cattle [1, 2, 4, 9] .
Eight Japanese black cattle with growth retardation, aged from 7.5 to 11.5 months old, 5 males, 1 castrated male and 2 females, were used in the present study. They were born in Gifu region, and showed extremely small stature; 35.3 ± 7.6 % in body weight, referring to Japanese standard for beef cattle [3] . Cattle with renal tubular dysplasia [7] and bovine viral diarrhea virus infection [11] , which could be causes of growth retardation, were excluded by gene analysis. The forage of the cattle with growth retardation was designed to comply with the nutrient requirements for their age, aiming at an increase of 0.6 kg in body weight per day, and they were fed the 100% requirements in both total digestible nutrients (TDN) and crude protein (CP) [3] . Blood samples taken from 10 castrated cattle with normal growth, aged from 10 to 12 months, were used for the control. The controls were raised on a commercial farm, and showed no clinical abnormalities.
Since it has been reported that MPT shows the best results when the herd has been under regular husbandry and feeding for at least 1 month [10] , blood sampling for MPT was carried out 1 month after the cattle had been fed with the newly designed forage. Blood samples collected 4 hr after morning forage were centrifuged at 3,000 rpm for 5 min at 4°C, and stored at -80°C until determination. Blood sampling in the control cattle were carried out during the same winter season (Jan. to Feb., '05), time (4 hours after morning feed), and in the same manner as the cattle with growth retardation.
Four categories of profile test were used: 1) energy metabolism: serum glucose, free fatty acid (FFA), β-hydroxybutyric acid, acetoacetic acid, low density lipoprotein (LDL) cholesterol, and total cholesterol concentrations; 2) protein metabolism: concentrations of serum urea nitrogen and albumin, and plasma ammonia concentration; 3) mineral metabolism: serum calcium, inorganic phosphorus concentrations; and 4) rumen condition: plasma ammonia and lactic acid concentrations. Plasma ammonia concentration was determined by a colorimetric method (ammonia microplate reader; Molecular Devices Japan, Tokyo). Other blood analyses were carried out using auto analyzers (acetoacetic acid and β-hydroxybutyric acid concentrations were determined by JCA-BM12, JEOL, Tokyo, and other variables were determined by Clinical analyzer 7710, Hitachi High-technologies, Tokyo). Statistical differences were determined by Student's t test. P<0.05 was considered to be a significant difference.
Cattle with growth retardation showed good appetite, and they had ingested their designed forage completely. Their dry matter intake was 2.7-4.1% (3.1% on average), and they received 100% requirements in both TDN and CP.
Results of the metabolic profile test are shown in Table 1 . In the growth-retarded cattle, most of variables indicated energy metabolism, glucose, FFA, and total cholesterol, were the same those in the control. However, serum concentrations of ketones, β-hydroxybutiric acid and acetoacetic acid in the cattle with growth retardation (544.9 ± 89. 4 µmol/l and 19.5 ± 4.4 µmol/l, respectively) were signifi-* CORRESPONDENCE TO: KITAGAWA, H., Department of Veterinary Medicine, Faculty of Applied Biological Science, Gifu University, 1-1 Yanagido, Gifu 501-1193, Japan.
cantly higher than in the control (363.3 ± 140.0 µmol/l and 10.0 ± 4.7 µmol/l, β-hydroxybutiric acid and acetoacetic acid, respectively), while serum LDL concentration was significantly lower than in the control cattle (5.8 ± 1.5 mg/dl and 9.3 ± 3.1 mg/dl, the growth-retarded cattle and the control, respectively). In terms of protein metabolism, serum urea nitrogen concentration in the cattle with growth retardation (19.4 ± 3.5 mg/dl) was significantly higher than in the control (9.4 ± 4.0 mg/dl). The serum albumin concentration in the cattle with growth retardation (3.1 ± 0.3 g/dl) was significantly lower than in the control (3.6 ± 0.2 g/dl). There was no significant difference in plasma ammonia concentration between the two groups of the cattle. The growthretarded cattle showed the same serum calcium and inorganic phosphorus concentrations as the control. Neither plasma ammonia nor lactic acid concentrations in the growth retardation differed from those in the control. The characteristic profile pattern in the cattle with growth retardation was significantly higher plasma ketone concentrations while their serum glucose, FFA, and total cholesterol concentrations were normal. This pattern suggested that they had ketonemia. Since the indicators of forage intake in MPT (glucose, FFA, and total cholesterol) were normal [8] , the possibility of ketonemia caused by a shortage of forage was excluded. In addition, they showed good forage consumption during our observations. It might have been due to difficulties in translating acetyl-Co A into TCA cycle in the liver, and this condition should be from or cause of energy-negative condition.
Such an energy-negative condition may have induced proteolysis for generating gluconeogenesis, causing a shortage of protein. This shortage could in turn be due to a lack of a source for the synthesis of apolypoprotein and albumin, which might have induced lower serum LDL and albumin concentrations. Moreover, that same proteolysis might have induced a significantly high urea nitrogen concentration, possibly resulting in catabolism of the muscle.
Consequently, the hypothesis that the cattle with growth retardation had some abnormalities in energy conversion from their forage into utilizable energy could explain the cause of both their low serum LDL and albumin levels as well as their high serum urea nitrogen concentration in spite of their good forage intake.
In the growth-retarded cattle, their mineral metabolism and rumen condition did not differ from those of the control. Thus, both conditions might have been normal.
Profile patterns of the cattle with growth retardation in the present study suggested that they were in an energy-negative condition in spite of their good forage intake. Because the cattle with growth retardation showed ketonemia, although they had normal plasma FFA, glucose, total cholesterol concentrations, possible causes of their energy-negative conditions might be either a digestive insufficiency or a metabolic disorder of the liver, both of which could have been important in energy conversion from their forage into utilizable energy.
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